Human rhinoviruses (HRVs) are responsible for many of the characteristic symptoms of the common cold, such as a sore throat, runny nose, nasal congestion, sneezing, and coughing. However, despite the high detection rate in children, most HRV infections are asymptomatic. As a result, these viruses are generally ignored, even though a close association between HRV infections in early life and the subsequent induction of asthma has been reported. Therefore, it is necessary to conduct further research into HRV diagnostics, treatments, epidemiology, and vaccines. This review describes recent studies of HRVs, including their genomic diversity, surveillance systems, taxonomy, and immune responses, as well as vaccines.
I. INTRODUCTION
Human rhinoviruses (HRVs), which were first identified in 1956, belong to the family Picornaviridae, genus Enterovirus. The "rhino" part of rhinovirus means "nose" in Latin. The HRV genome encodes 11 proteins comprising four structural proteins (VP1, VP2, VP3, and VP4) and seven non-structural proteins (2A, 2B, 2C, 3A, 3B, 3Cpro, and 3Dpol) (5, 8) . The 5' end of the HRV genome is covalently linked to the 3B protein (VPg), and the 5' non-coding region (NCR) follows VPg (9) . The 5' NCR has an internal ribosome entry site (IRES) that plays a critical role in viral replication and translation initiation (10~13).
HRVs are major pathogens that cause the common cold, which may be accompanied by a headache, sore throat, cough, and runny nose. Occasionally, they also cause severe lower respiratory tract infections in infants and the elderly (14, 15) . It has been reported that most cases (50~85%) of asthma exacerbation are associated with HRVs (5, 16~18).
Thus, HRV-induced diseases are important; however, they are not considered serious problems in virology and public health. Indeed, HRVs seem to be neglected viruses. Therefore, the epidemiological data regarding HRVs mostly comprise 
II. Diversity and Evolution of HRV Genomes
The diversity of viral genomes is attributable to various factors such as mutations, re-assortment, and recombination (19~21). Re-assortment is particularly important as a source of diversity for segmented viruses such as hantaviruses and influenza viruses. Moreover, viral-host transitions and virusinduced pandemic diseases result from dynamic evolution via re-assortment, but not in viruses with single strand genomes (22~27).
Mutation is the major factor responsible for viral diversity and evolution (28~30). In particular, the mutation rate is very high in RNA viruses, i.e., 10 -6 to 10 -4 substitutions/ nucleotide/cell infection (s/n/c), compared with DNA viruses (10 -8 to 10 -6 s/n/c), which is explained by the poor proofreading efficiency of RNA-dependent RNA polymerase (28, 29) . The average mutation rate is high in HRVs, i.e., 6.9 × 10 -5 s/n/c, and similar to that in other RNA viruses (28) .
Thus, these nucleotide mutations increase the diversity of HRV, and the average shared identity of HRV genomes is Figure 1 . Compensatory substitution and conservation of the two-dimensional structure of SL-IVc in the human rhinovirus 5' internal ribosome entry site. This figure has been reproduced from a published study (32) . as shown in Fig. 1 (32) . Therefore, these compensatory substitutions conserve the secondary structure.
Recombination of the viral genome also contributes to diversity and evolution, and recombination events occur often in RNA viruses (19) . Recombination events of enteroviruses and polioviruses, which belong to the family Picornaviridae, have contributed to their genetic evolution and diversity (33~35). Recently, recombination events have been detected in references and field-isolated HRVs. The breakpoints for recombination events in HRVs occur near 5'NCR-P1, P1-P2 and P2-P3 (5, 8, 31, 36, 37) . In addition, intraand inter-species recombination events have been identified (36) . Therefore, HRVs exhibit frequent changes in diversity and evolution, which may contribute to their severity as well as dynamic pandemics. These findings suggest that HRV-B induces proinflammatory cytokines and anti-viral factors, which lead to a milder illness after infection compared with HRV-A and HRV-C. In addition, the immunological memory response after infection is highly induced by HRV-B compared with HRV-A. Therefore, repeated infection with HRV-B will be cleared by the host immune response before the onset of symptoms, so the probability of infectious disease owing to repeated infections with HRV-B may be reduced (Fig. 3) . 
VI. VACCINE

